Objectives: To observe the prevalence of lumbar intervertebral disc degeneration in elite athletes as compared with published literature of changes seen in non-athletes-that is, normal population. Methods: The lumbar spines of 31 Olympic athletes who presented to the Olympic Polyclinic with low back pain and/or sciatica were examined using magnetic resonance imaging. Three criteria were looked at: (a) the loss of disc signal intensity; (b) the loss of disc height; (c) the presence of disc displacement. The results were then recorded and correlated with the lumbar levels. Results: The disc signal intensity was progressively reduced the more caudal the disc space. It was most common at the L5/S1 level, and, of the abnormal group, 36% (n = 11) showed the most degenerative change. Disc height reduction was also found to be most common at the L5/S1 level. However, the most common height reduction was only mild. A similar trend of increased prevalence of disc herniation was noted with more caudal levels. At the L5/S1 level, 58% were found to have an element of disc displacement, most of which were disc bulges. Compared with changes seen in the normal population (non-athletes) as described in the literature, disc degeneration defined by the above criteria was found to be significantly more severe in these Olympic athletes. Conclusions: Although the study was limited, the results suggest that elite athletes have a greater prevalence and greater degree of lumbar disc degeneration than the normal population. A more detailed follow up study should be considered to investigate which particular training activities have the most impact on the lumbar spine, and how to modify training methods so as to avoid the long term sequelae of degenerative disc disease of the lumbar spine.
B ack pain appears to be more common in elite athletes than the normal population. It has been reported that up to 75% have had one or more episodes of back pain. [1] [2] [3] [4] [5] [6] Changes are presumably due to the increased physical demands placed on the spines of athletes in the course of training or competing. It has been noted that disc degeneration is significantly more common in elite athletes than in non-athletes (75% v 31%). 2 In comparison, several studies have shown that at least a third of asymptomatic people (nonathletes) in their 20s have at least one degenerate lumbar disc. 7 8 Magnetic resonance imaging (MRI) has been shown to be the most sensitive non-invasive method for identifying incipient degenerate disc disease. [9] [10] [11] [12] Changes consistent with disc degeneration include loss of disc signal intensity and reduced disc height. 13 14 With MRI, the intensity of signals is dependent on the hydration of the intervertebral disc. During aging and premature disc degeneration, there is a water loss from the nucleus pulposus, which results in a loss of the hydrostatic properties of the disc. This also alters the ratio of keratan sulphate to chondroitin sulphate, which may reduce the tensile strength of the disc. 12 As MRI directly measures proton density-that is, water content-it may be the most accurate means of evaluating the intervertebral discs. 12 During the 2000 Summer Olympics in Sydney, MRI scans of the lumbar spine were performed on athletes who presented to the Olympic Polyclinic with low back pain (including sciatica). Consent was obtained with the understanding that the images were to be used in a research study. A series of lumbar spine images from 31 elite athletes was obtained.
The aim of this project was to compare the prevalence of lumbar intervertebral disc degeneration in elite athletes with changes seen in non-athletes (normal population) as described in the literature.
MATERIALS AND METHODS

Subjects
During a four week period (two weeks before and the two week duration of the Sydney Games), the lumbar spines of 31 athletes were imaged. The athletes ranged in age from 19 to 46 years, and represented 20 different countries. Twenty one were aged 20-30, seven were in the 30 plus age group, and two were under 20. One athlete was of unknown age. A multitude of sports was represented, but the largest subgroup was from track and field (n = 12). Other sports represented were volleyball (n = 2), tennis (n = 2), and one each from cycling, rowing, softball, gymnastics, judo, boxing, handball, equestrian, kayaking, table tennis, and shooting. Four athletes did not identify their sport. The whole group comprised 17 men and 14 women.
Inclusion criteria
All the athletes had presented to the Olympic Polyclinic with complaints of lower back pain and/or sciatica during the period of the Olympic Games. No other information about them was given to the researchers involved in the study. It was not known if they had had a previous back injury or a history of back pain.
Methods MRI examinations of the lumbar spine were performed on a 1.5 T magnet with phased array coils using standard T1 and T2 sequences. Only T1 and T2 weighted central sagittal images were provided for analysis, and all identification was removed from the films. Each lumbar disc (L1/2-L5/S1) was examined for the presence and degree of disc degeneration. Discs were graded as normal, or degenerate on a scale of 1 (mildly degenerated) to 3 (severely degenerated), based on the signal intensity of the discs on T2 weighted images. Grade 3 discs were completely blackened. These were the criteria used by DeCandido et al. 15 We also looked at disc height, which was regarded as normal or reduced (severity being graded 1 or 2). A grade 2 reduced disc height was defined as an intervertebral disc with a grossly reduced height compared with the discs immediately above and below. 2 Disc displacement was described as normal, bulging, or prolapsed. In the context of this study, a prolapsed disc was defined as one that protruded beyond the vertebral body margin but contained within an intact annulus. 15 No attempts were made to be more specific about disc displacement because we were limited by having only the central sagittal MR images.
We were able to evaluate a mean of 7.6 discs in each spine, ranging from 6-11. In all cases, the intervertebral discs from L1/2 and L5/S1 were well identified.
The films were all mixed and evaluated independently by three examiners, a neuroradiologist, a fellow in radiology, and a radiology registrar. In the case of any discrepancy in interpretation, a consensus was reached after discussion among the three examiners.
RESULTS
Disc signal intensity
Signs of reduced signal intensity were most common in the L5/S1 discs. Only 12 (38%) were found to be normal (fig 1) . Of the abnormal group, the largest proportion (n = 11; 36%) of disc degeneration at this level was grade 3.
Normal signal intensity was seen at the L1/2 and L2/3 disc levels in 25 of 31 athletes (81%). The more caudal the disc space, the higher the proportion of abnormal discs. Excluding the L1/2 level, all grades of degenerative changes were present at all levels. Interestingly, the most common type of degeneration found at all levels (except L1/2 and L4/5) was grade 3 (see example in fig 2) . In the largest subgroup of athletes (track and field), nine of 60 discs imaged (15%) showed grade 3 degenerative changes, and eight (13%) had grade 2 degenerative changes. Only four athletes (13%) had normal disc signal intensities in all of their lumbar discs.
Disc height
As expected, reduced disc height was more common as we descended to the L5/S1 level. At the L1/2 level, all discs were found to be of normal height (fig 3) . In contrast with our findings of signal intensity, the most common height reduction found was only mild or grade 1 in classification (see example in fig 4) , even at the L5/S1 level. Most athletes only had disc height reduction at a single level (68%). Six athletes (19%) had normal disc heights at all levels.
Disc displacement
The total prevalence of disc displacement at one or more levels was 58% (18 out of 31). At L1/2 and L2/3 levels, there was no evidence of any disc displacement. Only disc bulges were present at L3/4 (see example in fig 4) , representing 10% of the group (3 of 31). At the L5/S1 level (fig 5) , 18 of 31 discs (58%) were found to have a degree of disc displacement, most of which were disc bulges. 
DISCUSSION
Radiological abnormalities in the lumbar spines of elite athletes are well described. Numerous studies have shown that there is a significant difference in prevalence of these abnormalities between athletes and non-athletes. 1 2 16-18 Sward et al 2 found that disc degeneration was more common in athletes (75%) than non-athletes (31%).
Degeneration of the intervertebral disc begins early in life and is partly a consequence of aging. Powell et al 7 observed that more than one third of normal healthy subjects aged 21-30 years had degenerate discs. Although the actual cause is not known, many factors (autoimmune, genetic, reabsorption, and biomechanical) have been implicated in accelerating the process. The volume of the intervertebral disc tissue decreases with degeneration, 12 and it has been shown that failure of the human lumbar intervertebral discs occurs most often in the part of the spine that is subjected to the heaviest mechanical stress. [19] [20] [21] The results of several studies have shown that the level of physical activity affects disc height. [22] [23] [24] However, Luoma et al 25 have questioned the validity of disc height as an indicator of early disc degeneration. In this study, the proportion of discs with reduced height gradually increased in a caudal direction, with the greatest prevalence at the L5/S1 level.
Similarly, signal intensity of the lumbar intervertebral discs becomes progressively reduced caudally. This trend is similar to the results obtained by DeCandido et al. 15 In our study, at the L1/2 level, 81% of discs have normal signal intensity (compared with 78% found by DeCandido et al), which then progressively decreases to 38% (40% found by DeCandido et al) at the L5/S1 level. However, the most striking difference between our study and that of DeCandido et al is that, of the cases with degenerative changes in our study, a significant proportion are more severely affected-that is, grade 3. This is most noticeable at the L5/S1 level, where, of the 19 degenerate discs, 11 are categorised as grade 3 (58%). It must be asked if the great physical demands placed on athletes in training contribute to the more severe degenerative spinal changes. This is supported by the 2001 study of Luoma et al, 25 which showed a decreasing trend of relative signal intensity from sedentary office workers to labourers.
The prevalence of disc displacement at one or more levels, grouped in this study as either a disc bulge or disc protrusion, is 58%. Again, the prevalence increases progressively caudally, with the greatest numbers at the L5/S1 level. Disc bulges are more common than protrusions in this study, with a prevalence of 42% compared with 16%. This is actually lower than found by Stadnik et al, 26 who showed an all age prevalence of 81% and 33% respectively. However, if the under 30 age group is considered, the figures fall to 56% and 11% respectively. No firm conclusions could be drawn about disc displacement because of the limits of having only the central sagittal MR images. A more accurate and useful figure could possibly be reached with access to the axial scans.
The other limitations of this study include a small cohort of subjects and the lack of a control group. Tests of statistical significance were therefore not performed, and none of the results can be interpreted meaningfully. It would have been useful if we had access to specific information about the athletes' symptoms, which would have allowed a clinical correlation to be made with the images studied. As no conclusive evidence has been reported in the literature to suggest that anatomic anomalies found on MRI relate directly to the symptoms of lower back pain, 27 28 clinical information is essential for determining the importance of any abnormality found on MR images. Borenstein et al 28 suggest that the findings on MRI scans are not predictive of the development or duration of low back pain.
However, the higher incidence and greater degree of disc degeneration in elite athletes found in this study warrants further investigation. Are athletes aware that participation in sport at the elite level may lead to accelerated degeneration of the spine and its long term sequelae? Other things to consider are which particular physical activities have the most impact on the lumbar spine and what training methods can be devised that minimise disc degeneration. The age at which athletes should begin intensive training is another important consideration. A follow up study should include a symptomatic and asymptomatic group of athletes, as well as a control group of symptomatic and asymptomatic non-athletes-that is, normal population. The results of this study may well be important in altering the mindset of coaches and athletes, as well as causing a change in the methods of training at the elite levels of sport.
